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ABSTRACT

A system includes a lead having a lead body and at least one
electrode; and a retention feature disposed along the lead
body proximal to the at least one electrode and configured to
assist in atraumatically anchoring the lead to nearby tissue
when the lead is positioned in the body. A system includes a
lead having a lead body and at least one electrode; and a coiled
retention feature disposed along the leadbody proximal to the
at least one electrode and configured to assistin anchoring the
lead to nearby tissue when the lead is positioned in a body. A
lead for stimulating a target neural tissue includes an elongate
body; at least one electrode disposed along the elongate body;
and a passive retention feature disposed along the lead body
proximal to the at least one electrode and configured to assist
in anchoring the elongate body to tissue near the target neural
tissue.
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SUTURELESS LEAD RETENTION FEATURES
CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli
cation Ser. No. 60/898,342 filed on Jan. 29, 2007 entitled
“Sutureless Lead Retention Features' and U.S. Provisional

Application Ser. No. 60/998,722 filed on Oct. 12, 2007
entitled “Coiled Lead Retention Feature', each of these pro
visional patent applications are incorporated herein by refer
ence in its entirety.

10

INCORPORATION BY REFERENCE

2
cial Suturing to soft tissue lacks stability in that soft tissue can
stretch over time and during motion which may allow the lead
to migrate. Thus, it is desired to provide mechanisms for
anchoring leads, catheters and other devices within body
tissue that are easy, efficient to use, reliable and allow anchor
ing in close proximity to the site of stimulation or drug deliv
ery to enhance effectiveness and reduce the potential for
migration. At least some of these objectives will be met by the
present invention. It is desired to provide mechanisms for
anchoring leads, catheters or other devices within body tissue
that are easy and efficient to use, reliable, and adjustable. At
least some of these objectives will be met by embodiments of
the present invention.

15

All publications and patent applications mentioned in this
specification are herein incorporated by reference to the same
extent as if each individual publication or patent application
was specifically and individually indicated to be incorporated
by reference.
BACKGROUND OF THE INVENTION

Electrical stimulation and drug delivery to portions of the
anatomy, particularly the spinal anatomy and peripheral ner
Vous system, often involve the implantation of one or more
leads or delivery devices within the patient’s body. The leads
or delivery devices extend between the target anatomy and an
implantable pulse generator (IPG) or drug reservoir which is
typically implanted at a remote location. Precise positioning
of the leads or delivery devices is desired to optimize treat
ment. Accuracy in administration of the drugs or stimulation
to a particular target location can maximize beneficial effects
of treatment and patient satisfaction. It is desired that Such
accuracy be maintained over time to ensure continued suc

25

In one embodiment, there is provided a system with a lead
having a lead body and at least one electrode; and a retention
feature disposed along the lead body proximal to the at least
one electrode and configured to assist in atraumatically
anchoring the lead to nearby tissue when the lead is posi
tioned in the body.
In one aspect, the retention feature also includes a control
lably deformable section.
In one aspect, the retention feature also includes a coiled
retention feature.

In one aspect, the retention feature is movable into a first
configuration for steering the lead and a second configuration
30

35

cessful treatment.

For example, when implanting an epidural lead, a physi
cian must Surgically open the body tissue to the epidural
space, and then insert the lead into the epidural space to the
desired location. Fluoroscopy aids the physician, and trial and
error tests of treatment define the desired location(s) for treat
ment. Once optimally positioned, it is desired to maintain the
lead in place. Typically this is attempted by Suturing the lead
in place. Such as by attaching a Suture sleeve to the lead and
Suturing the sleeve to the Surrounding tissue where the lead
enters the epidural space. In addition, Sutures are placed to
prevent movement between the sleeve and the lead. The qual
ity of the connection between the sleeve and lead depends on
the tightness of the sutures and is highly variable. Such sutur
ing is time consuming, tedious and Subject to error. Further,
any repositioning requires removal of the Sutures and re
Suturing. Also, such suturing is dependent on the quality and
availability of suitable Surrounding tissue and accessibility to
the physician.
Unfortunately, leads have been known to move over time
due to motion of the Surrounding tissue after implantation.
Therefore, attempts have been made to anchor the leads to
resist migration. For example, when implanting an epidural
lead, a physician inserts a lead into the epidural space and then
typically Sutures the lead to Surrounding soft tissue. Pace
maker leads are typically anchored into soft tissue in or near
the heart. And percutaneous catheters or peripherally inserted
central catheters (PICC) are sutured to the skin outside of the
body.
However, these methods are not applicable to minimally
invasive procedures where the anchoring sites are not acces
sible by an open Suture technique. In addition, such Superfi

SUMMARY OF THE INVENTION

40

to act as a retention feature.

In one aspect, the retention feature is reversibly movable
into the first and the second configurations.
In one aspect, the retention feature comprises a gel or an
expandable medium.
In one aspect, the retention feature is held into a non-bend
configuration by a stylet and the retention feature moves into
a retention configuration when the stylet is removed.
In one aspect, the retention feature is injected into a Volume
near or including a portion of the electrode or the targeted
neural tissue.

45
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In one aspect, the system also includes a port in the elec
trode body adapted and configured for injecting a gel or an
expandable medium.
In one aspect, the retention feature is formed from or
coated with a material selected to promote tissue in-growth.
In one embodiment, there is a provided system with a lead
having a lead body and at least one electrode; and a coiled
retention feature disposed along the leadbody proximal to the
at least one electrode and configured to assistin anchoring the
lead to nearby tissue when the lead is positioned in a body.
In one aspect, the coiled retention feature is configured to
atraumatically interact with the nearby tissue when the lead is
in the body.
In one aspect, the diameter of the coiled retention feature is
generally constant along the length of the coiled retention
feature.

60

In one aspect, at least a portion of the coiled retention
feature is imbedded into the lead body.
In one aspect, the lead body has a first portion with a first
diameter and a second portion with a second diameter that is
smaller than the first diameter; and wherein the coiled reten

tion feature is disposed along the second portion.
In one aspect, the outer diameter of the coiled retention
65

feature is about the same as the first diameter.

In one aspect, the outer diameter of the coiled retention
feature is greater than the first diameter.

US 9,044,592 B2
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In one aspect, the coiled retention feature has an expanded
state and wherein the diameter of the coiled retention feature

in the expanded State is substantially equal to or less than the
first diameter.

In one aspect, the lead is flexible along the lead body where
the coiled retention feature is disposed.
In one aspect, the coiled retention feature is comprised of a
flat wire having a rectangular cross-sectional shape.
In one aspect, the coiled retention feature is bioresorbable.
In one aspect, the coiled retention feature is configured to
allow tissue in-growth.
In one aspect, the lead body is generally cylindrical and
configured to be advanced through a lumen of a delivery

10

resorbable material.

device

In one aspect, the nearby tissue is disposed within a back of
a patient.
In one aspect, the nearby tissue is in the vicinity of a dorsal
root ganglion.
In one aspect, only one end of the coiled retention feature
is attached to the lead body.
In one aspect, the diameter of the coiled retention feature
adjacent a proximal portion of the lead is larger than the
diameter of the coiled retention feature adjacent a distal por
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tion of the lead.

In one embodiment, there is a provided lead for stimulating
a target neural tissue with an elongate body; at least one
electrode disposed along the elongate body; and a passive
retention feature disposed along the leadbody proximal to the
at least one electrode and configured to assistin anchoring the
elongate body to tissue near the target neural tissue.
In one aspect, the passive retention feature assists in
anchoring by friction.
In one aspect, at least a portion of the Surface of the passive

30

non-neural tissue while the at least one electrode stimulates

BRIEF DESCRIPTION OF THE DRAWINGS
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In one aspect, the coil is disposed Substantially coaxially
with the elongate body.
In one aspect, the passive retention feature is fixed in rela
tion to axial movement along the lead body.
In one aspect, a distal-most end of the passive retention
feature is disposed approximately 5 mm to 2cm proximally of
a proximal-most electrode of the at least one electrode.
In one aspect, the passive retention feature comprises a
braided structure configured to buckle in a pre-defined man
.

In one embodiment, there is a system comprising a lead
having a lead body and at least one electrode; and at least one
retention feature disposed on the lead body, wherein the
retention feature comprises at least one projection configured
to assist in anchoring the lead to nearby tissue.
In one aspect, the nearby tissue is disposed within a back of
a patient.

FIGS. 1A-1B illustrate an embodiment of a lead having a
retention feature in various positions along the lead body.
FIG. 2 illustrates an embodiment of a lead having a strain
relief and multiple retention features.
FIGS. 3A-3B illustrate implantation of leads wherein the
target area for treatment comprises the dorsal root ganglion.
FIG. 4 illustrates an embodiment of a lead having a reten
tion feature of the present invention.
FIG. 5 provides a length-wise cross-sectional view of a
portion of a lead body of FIG. 4.
FIG. 6 illustrates an embodiment wherein the coil is com

prised of a flat wire having a rectangular cross-sectional
shape.
FIG. 7 provides a length-wise cross-sectional view of a
portion of the lead body of FIG. 6.

the target neural tissue.
In one aspect, the target neural tissue comprises a dorsal
root ganglion.
In one aspect, the passive retention feature comprises a
coil.

In another embodiment, there is a system comprising a
body having a first portion with a first diameter and a second
portion having a second diameter, wherein the second diam
eter is smaller than the first diameter; and a coil disposed
around the second portion.
In one aspect, the coil has an expanded State and wherein
the diameter of the coil in the expanded state is substantially
equal to or less than the first diameter.
In one aspect, the coil is configured to allow tissue
ingrowth.
In one aspect, the cylindrical body is advanceable through
a lumen of a delivery device.
Still other additional embodiments are possible from com
binations of the various embodiments and aspects described
above.

retention feature is treated to increase the friction between the

Surface of the passive retention feature and Surrounding tissue
when the lead is implanted in a body.
In one aspect, the passive retention feature assists in
anchoring by tissue ingrowth.
In one aspect, the passive retention feature is disposed
along the lead body in a location so as to assist in anchoring to

In one aspect, the at least one projection is extendable so as
to resist motion of the lead body in multiple planes or direc
tions.

tion of the lead.

In one aspect, the diameter of the coiled retention feature
adjacent a proximal portion of the lead is Smaller than the
diameter of the coiled retention feature adjacent a distal por

4
In one aspect, the nearby tissue is in the vicinity of a dorsal
root ganglion.
In one embodiment, there is a retention feature comprising
a tubular structure mountable on a lead body; and at least one
projection which is extendable radially outwardly.
In one aspect, the tubular structure is mountable at a loca
tion along the lead body which is distal to a distal-most
electrode configured to provide stimulation.
In one aspect, the tubular structure is mountable at a loca
tion along the leadbody which is proximal to a proximal-most
electrode configured to provide stimulation.
In one aspect, the at least one projection is comprised of a
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FIG. 8 illustrates an embodiment wherein the coil is

expandable beyond the diameter of the lead body.
FIGS. 9A-9C illustrate retention features having a coil
shape.
FIG. 10 illustrates a retention feature comprising a pre
formed projection.
FIGS. 11A-11C illustrate retention features comprising
sleeves having at least one fanned end.
FIG. 12 illustrates a retention feature comprising a sleeve
having at least one protrudable end.
FIG. 13 illustrates a retention feature comprising a sleeve
having at least one floppy end.
FIG. 14 illustrates a retention feature having one or more
spring loaded projections.
FIGS. 15A-15B illustrate a retention feature having a plu
rality of projections.
FIGS. 16A-16C illustrate a retention feature having a loop
shape.
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FIGS. 17A-17B illustrate a retention feature comprising a
tubular structure having extendable struts.
FIGS. 18A-18E3, 19, 20 illustrate a retention feature having
at least one extendable flap.
FIGS. 21A-21B, 22A-22B illustrate a retention feature

built into a lead body.
FIGS. 23A and 23B illustrate a retention feature compris
ing an expandable material.
FIGS. 24A and 24B illustrate the use of a injectable gel or
expandable medium as a retention feature;
FIG. 25 illustrates a perspective view of any stimulation
lead having a controllably deformable tip;
FIG. 26A illustrates a section view of a normally bend lead
straightened by a stylet.
FIGS. 26B and 26C illustrate section and perspective
views, respectively, of the lead in FIG. 26A with the stylet
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removed;
FIG. 27A illustrates a section view of a lead distal end on a

stylet.
FIG. 27B illustrates an enlarged view of a portion of the
embodiment of FIG. 27A.
FIG. 28A illustrates a section view of a lead distal end with

a push rod engaged with a retention feature.
FIG. 28B illustrates an enlarged view of a portion of the
embodiment of FIG. 27A.
FIG.29A illustrates a section view of a lead distal end with

25

least one retention feature 706. Here, retention features 706

embodiment of FIG. 29A.
30

are shown proximal and distal to the electrodes 704. In addi
tion, the lead 700 includes a strain relief 716. In this embodi

29A and 29B;
FIG. 31A illustrates a section view of a braided retention

structure in a non-buckling configuration; and
FIGS. 31B, 31C and 31D illustrate various braided reten

tion structure embodiments in a buckled configuration.

catheter or other suitable device. The lead 700 is advanced to

a desired position and the sheath is withdrawn allowing the
projections 712 to extend radially outwardly.
FIG. 2 illustrates an embodiment of a lead 700 having at

a push rod engaged to push a retention feature out the lead
distal end. FIG. 29B is an enlarged view of a portion of the
FIG.30 illustrates a perspective view of the lead in FIGS.

6
the retention feature 706 is fixed in place at a commonly
desired location. Or, a plurality of retention features 706 may
be fixed in place along the length of the lead 700 so that
retention features 706 aligning with suitable tissue for
anchoring are used to retain the lead in place. It may be
appreciated that in any embodiment, a plurality of retention
features 706 may be present at any intervals along its length.
In this embodiment, the retention feature 706 comprises a
plurality of projections 712 which extend radially outwardly
from the lead body 701. The projections 712 engage the
surrounding tissue T, anchoring the lead 700 to the tissue T.
such as by frictional force. Such projections 712 may be
comprised of fibers, filaments, wires, Sutures, threads, poly
mers or other material. Typically, the projections 712 have a
hair-like or whisker-type shape, such as an elongate shaft or
rod. However, the projections 712 may have any suitable
shape, length, or diameter. The tips of the projections 712 may
be blunt or sharpened, or have other shapes, such as barbed or
fish-hooked. Further, any number of projections 712 may be
present and the projections may vary within each retention
feature 706. The projections 712 may extend at any angle or
a plurality of angles from the lead body 701 so as to resist
movement in a variety of directions or planes. During deliv
ery, the projections 712 are covered by a sheath, delivery
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ment, the strain relief 716 comprises a coil 718 disposed
proximal to the electrodes 704 which joins two portions of the
lead 700. Thus, in the instance of tugging or motion of the lead
700 from its proximal end, such motion will be absorbed by
the coil 718 leaving the distal end of the lead 700 stabilized.
The distal end is additionally anchored in place by the distally
located retention feature 706.

A variety of retention features are provided for anchoring
or retaining leads, catheters or other devices in desired posi
tions within the body. In preferred embodiments, the reten

40

tion features are sutureless so that the lead or catheter is held

in place by the retention feature itself, without the need for
Suturing the retention feature to the Surrounding tissue. This
assists in ease of use, reduction of procedure time, and ability
to anchor in areas which are not as readily accessible to the
physician, Such as by direct access with needle and Suture.
Likewise, the retention features are typically self-actuating or
self-expanding, allowing the retention feature to deploy by
spring force or without additional manipulation.
FIGS. 1A-1B illustrates an example lead 700 having a lead
body 701, at least one electrode 704 thereon and at least one
retention feature 706. The leads 700 are shown implanted
within tissue T so that the electrodes 704 are positioned so as
to stimulate a target area A of the tissue T. In FIG. 1A, the
electrodes 704 are disposed near a distal end 710 of the lead
body 701 and the retention feature 706 is disposed proximal
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In this embodiment, the lead 700 includes a retention feature
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to the electrodes 704. In FIG. 1B, the retention feature 706 is

disposed proximal to the electrodes 704. Thus, the lead 700
can optionally be positioned to stimulate a target area A that
does not include suitable anchoring tissue since the lead 700
will be retained outside of the target area A, on either or both
sides of target area A. This allows a greater flexibility in
placement of the lead 700.
In some embodiments, the retention feature 706 is adjust
able along the length of the lead 700 to allow optimal posi
tioning of the retention feature 706. In other embodiments,

Although the retaining systems 706 of the present inven
tion may be used for implanting a lead or catheter in any
tissue, the retaining systems 706 are particularly suitable for
implantation of leads or catheters treating the spinal anatomy.
FIGS. 3A-3B illustrate implantation of leads 700 wherein the
target area A for treatment comprises the dorsal root ganglion
DRG. FIG. 3A illustrates an antegrade approach to the DRG
from outside of the spinal column, Such as from a side, lateral
or percutaneous approach. It may be appreciated that a retro
grade approach may alternatively be used. The lead 700 is
positioned such that the electrodes 704 are near the DRG, and
the lead body 701 extends away from the spinal columnS for
implantation within the tissues of the back, side or buttocks.

60
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706 disposed along the lead body 701 to assist in anchoring
the lead body 701 within the tissue during implantation. As
shown, the retention feature 706 is disposed proximal to the
electrodes 704 at a location that allows engagement with
Supportive tissue that can withstand frictional forces. Anchor
ing at such a location allows the distal end of the lead 700 to
reside within more sensitive anatomy, near the DRG, without
anchoring forces and disruption by movement.
FIG. 3B illustrates an antegrade epidural approach to a
dorsal root and DRG between an articulating process (not
shown) and the vertebral body (not shown). It may be appre
ciated that a retrograde approach may alternatively be used.
The lead 700 is positioned such that the electrodes 704 are
near the DRG, and the lead body 701 extends along the spinal
column S. In some instances, it is not desired to anchor within
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the spinal column S. Thus, in this embodiment the lead 700
includes a retention feature 706 disposed near the distal end of
the lead 701 to assist in anchoring the lead body 701 to tissue
beyond the DRG that can withstand anchoring forces.
Embodiments of retention features are provided for
anchoring or retaining leads, catheters or other devices in
desired positions within the body. In preferred embodiments,

8
a rectangular cross-sectional shape. Such a shape may
increase frictional geometry by providing a larger Surface
area in contact with the Surrounding tissue T during initial
fixation.
5

the retention features are sutureless so that the lead or catheter

is held in place by the retention feature itself, without the need
for Suturing the retention feature to the Surrounding tissue.
This assists in ease of use, reduction of procedure time, and
ability to anchorinareas which are not as readily accessible to
the physician, Such as areas that are accessible by minimally

10

invasive methods.

FIG. 4 illustrates an example lead 800 having a lead body

15

802, at least one electrode 804 thereon and at least one reten

tion feature 806. The lead 800 is shown implanted within
tissue T so that the at least one electrode 804 is positioned so
as to stimulate a target area A of the tissue T. Referring to FIG.
4, the electrodes 804 are disposed near a distal end 810 of the
lead body 802 and the retention feature 806 is disposed proxi
mal to the electrodes 804. Thus the lead 800 can optionally be
positioned to stimulate a target area A that does not include
suitable anchoring tissue since the lead 800 will be retained
outside of the target area A, on either or both sides of target A.
However, it may be appreciated that the retention feature 806
may be disposed in close proximity to the target area A.
In this embodiment, the retention feature 806 comprises a
coil 812 wrapped around a section 814 of the lead body 802
having a reduced diameter. In some embodiments, the section
814 has a diameter that is sufficiently reduced to allow the coil
812 to be aligned with the outer diameter of the remainder of
the lead body 802. Thus, the overall diameter of the lead body
802 is Substantially uniform along its length, including along
the section 814. However it may be appreciated that the
section 814 may have any suitable diameter So as to position
the coil in a desirable arrangement. For example, in some
embodiments, the coil 812 is imbedded into the lead body 802
in the section 814. Thus, the section 814 of the lead body 802
may be indented in the areas that the coil 812 is imbedded
creating a reduced diameter in Some locations. Such imbed
ding typically fuses the coil 812 to the lead body 802 along the
length of the coil 812.
FIG. 5 provides a length-wise cross-sectional view of a
portion of the lead body 802, including a portion of the
section 814 having a reduced diameter. As shown, the section
814 has a diameter that is sufficiently reduced to allow the coil
812 to be aligned with the outer diameter of the remainder of
the lead body 802 (as indicated by dashed line 818).
The coil 812 may be anchored at each of its ends to the lead
body 802. Alternatively, the coil 812 may be anchored at one
end. The coil 812 provides friction with the tissue T due to the
geometry of the coil and therefore initial fixation. Over time,
the tissue T grows into and around the coil 812 for long term
anchoring. Thus, coil 812 is a passive retention feature.
The coil 812 may be comprised of any suitable material
including metal, polymer, elastic or Superelastic materials
and bioresorbable materials. Bioresorbable materials may
enhance short term fixation yet allow increased ease in
removability in the long term. Likewise, the coil 812 may be
of any Suitable length and may have any suitable spacing of
coil turns. The coil turns may be selected to be spaced apart
about a distance equal to the width of the wire used to form the
coil. Further, the coil 812 may have any suitable cross-sec
tional shape, including round, square, rectangular, triangular,
trapezoidal, etc. For example, FIG. 6 illustrates an embodi
ment wherein the coil 812 is comprised of a flat wire having
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FIG. 7 provides a length-wise cross-sectional view of a
portion of the lead body 802 of FIG. 6, including a portion of
the section 814 having a reduced diameter. As shown, the
section 814 has a diameter that is sufficiently reduced to allow
the coil 812 to be aligned with the outer diameter of the
remainder of the lead body 802 (as indicated by dashed line
818).
The substantially uniform profile of the lead body 802.
including the retention feature 806, allows delivery of the lead
800 through a needle or other minimally invasive delivery
device. Further, the retention feature 806 does not require
complex deployment methods.
The coiled design of the retention feature 806 allows the
lead body 802 to bend at the site of fixation. Therefore, the
lead 800 may be placed in a variety of anatomical areas,
including along tortuous pathways. Further, placement of
lead 800 may be determined independently of where the
retention features 806 may reside along the tissue pathway
since the retention features 806 do not limit the flexibility of
the lead body 802. Such flexibility also reduces any possibil
ity of kinking.
The coiled design of the retention feature 806 also allows
maximal frictional fixation to the Surrounding tissue while
allowing a physician to reposition or remove the lead 800
without excessive damage to the Surrounding tissue.
In some instances, the coil 812 may act as a Suspension for
the lead 800. For example, the coil 812 may be attached to the
lead body 802 at each of its ends, allowing the center portion
of the coil 812 to slide along the lead body 802. After tissue
begins to grow into the coil 812, the lead body 802 may
maintain some of Such slidability. Thus, when migration
forces are applied to the lead body 802 the lead body 802 may
move within the limits of the spring constant of the coil 812
yet return to the passive position upon recoil.
It may be appreciated that the present invention includes
alternative embodiments of the retention feature 806

described above. For example, in some embodiments the coil
812 is expandable beyond the diameter of the lead body 802.
as illustrated in FIG. 8. As shown, the section 814 has a
45

diameter that is reduced, however the coil 812 is expandable
beyond the outer diameter of the remainder of the lead body
802 (as indicated by dashed line 818). Thus, the reduced
diameter of the section 814 allows the coil 812 to be con
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densed and optionally flush with the diameter of the remain
ing lead body 802 during delivery, such as for insertion
through a needle, yet allows the coil 812 to expand to a desired
dimension after delivery.
It may be appreciated that the coil 812 may be formed in a
large diameter and twisted to reduce its diameter for delivery.
The coil 812 may be held in the twisted configuration by a
removable sheath or outer construct. Once the lead 800 is

desirably placed, the construct is then removed, allowing the
coil 812 to expand to its original larger shape for anchoring
purposes.
The coil retention features described illustrated in FIGS.
60

4-8 may be modified to have coils with different diameters, a
different number of coils or a different coil placement along
the lead body and with regard to the electrodes 704.
FIGS. 9A-9C illustrate embodiments of a retention feature

65

706 comprising one or more coils 766 mounted on a leadbody
701. The coil 766 may be comprised of any suitable material
including metal, polymer, elastic or Superelastic materials.
FIG. 9A illustrates a coil 766 which is fixedly or slidably
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attached to the lead body 701 at a first end 768 and coils
around the lead body 701 to a second end 769 which is free
and extended. The first end 768 may be attached to the lead
body 701 by means of a cuff 770 which may bond the first end
768 to the lead body 701 or may be fixed to the first end 768
and capable of moving relative to the lead body 701. FIG.9B
illustrates a coil 766 which spirals from the first end 768 to a
progressively larger diameter toward the second end 769,
forming a funnel-type shape. During delivery, the coil 766 is
covered by a sheath, delivery catheter or other suitable device.
The coil 766 is pressed or coiled up to a low profile for
covering. The lead 700 is advanced to a desired position and
the sheath is withdrawn allowing the coil 766 to be revealed
and recoil toward its original shape. The coil 766 provides
resistance to movement of the lead body 701 in relation to the
Surrounding tissue. Such as by providing friction. Further, the
lead body 701 may be rotated to engage or penetrate the free
second end 769 of the coil 766 into the surrounding tissue to
anchor the lead body 701 during relative motion. It may be
appreciated that a plurality of coils 766 may be disposed
along the lead body 701. For example, an additional coil 766
is illustrated in dashed line facing an opposite direction
wherein together the coils 766 provide migration resistance in

10
coiled retention feature may include a flat wire having a
rectangular cross-sectional shape. At least a portion of the
coiled retention feature is imbedded into the lead body as
shown, for example, in FIG. 7. In one alternative, the lead
5 body has a first portion with a first diameter and a second
portion with a second diameter that is smaller than the first
diameter; and wherein the coiled retention feature is disposed
along the second portion as illustrated, for example, in FIGS.
4 and 5. Additionally, FIGS. 4 and 5 illustrate one way how
10 the outer diameter of the coiled retention feature is about the
same as the first diameter. FIGS. 4 and 5 also illustrate the

case with the coiled retention feature having an expanded
state and wherein the diameter of the coiled retention feature

in the expanded State is substantially equal to or less than the
15

first diameter.

In contrast, FIGS. 8,9A,9B and 9C illustrate embodiments
where the outer diameter of the coiled retention feature is

greater than the first diameter. Moreover, in some embodi
ments, the diameter of the coiled retention feature adjacent a
20 proximal portion of the lead is larger than the diameter of the
coiled retention feature adjacent a distal portion of the lead.
Additionally or alternatively, the diameter of the coiled reten
tion feature adjacent a proximal portion of the lead is Smaller
both directions. FIG. 9C illustrates a coil 766 wherein both
than the diameter of the coiled retention feature adjacent a
ends 768,769 are fixedly or slidably attached to the lead body 25 distal portion of the lead.
Other alternative retention features are possible. Various
701. Here, the coil 766 portion between the ends 768,769 has
a larger diameter and extends outwardly. Thus, this extending other retention features may also be used to prevent or reduce
portion engages the Surrounding tissue, anchoring the lead lead migration.
FIG. 10 illustrates another embodiment of a retention fea
700 in place.
The various coiled retention features described herein pro- 30 ture 706 mounted on a lead body 701. In this embodiment, the
vide a system including a lead having a lead body and at least retention feature 706 comprises one or more pre-formed pro
one electrode; and a retention feature disposed along the lead jections 720 affixed to the lead body 701 by a cuff 722, and/or
body proximal to the at least one electrode and configured to adhesive, and/or other affixing mechanisms. Example cuff
assist in atraumatically anchoring the lead to nearby tissue 722 material includes shrink tubing. Example projection 720
when the lead is positioned in the body. As shown in the 35 material includes initinol, or other metal, or preformed poly
mer. The projections 720 have a protruding shape. Such as a
embodiments of FIGS. 4-9C, the retention feature can be a
controllably deformable section. More specifically, the reten curved or semi-circular shape, so as to protrude radially out
tion includes a coiled retention feature. The coiled retention
wardly from the lead body 701. Prior to deployment, the
feature may be positioned as illustrated or on any location on pre-formed projections 720 are held along the lead body 701
the lead body proximal to the distal end of the lead body. The 40 by an external sheath or delivery device. Retraction of the
coiled retention feature may extend beyond the distal end of sheath or delivery device exposes the pre-formed projections
the lead body or the coiled retention feature may span a 720 allowing the projections 720 to recoil radially outwardly.
portion of the lead body where the entirely of the span is Thus, the projections 720 extend into the surrounding tissue,
proximal to the distal end of the lead body
resisting movement of the lead body 701 in relation to the
The various embodiments illustrated and described in 45 tissue thereby anchoring the lead 700. The projections 720
FIGS. 4-9C provide a system including a lead having a lead may have any Suitable size, shape and dimension, including a
body and at least one electrode; and a coiled retention feature flat strip or elongate shaft. The tips of the projections 720 may
disposed along the lead body proximal to the at least one be blunt or sharpened, or have other shapes, such as barbed or
electrode and configured to assist in anchoring the lead to fish-hooked. Further, any number of projections 720 may be
nearby tissue when the lead is positioned in a body. In general, 50 present and the projections may vary within each retention
these coiled retention features are configured to atraumati feature 706. The projections 720 may extend at any angle or
cally interact with the nearby tissue when the lead is in the a plurality of angles from the lead body 701 so as to resist
body. The nearby tissue is disposed within a back of a patient movement in a variety of directions.
FIGS. 11A-11C illustrate additional embodiments of
and/or is in the vicinity of a dorsal root ganglion or other
targeted neural tissue locations. In general with all of these 55 retention features 706 mounted on lead bodies 701. In these
embodiments, the lead is flexible along the lead body where embodiments, the retention feature 706 comprises a sleeve
the coiled retention feature is disposed. In general, the coiled 730 having at least one fanned end. The sleeve 730 may be
retention features described herein may be configured to comprised of a metal (e.g. nitinol) or polymer (e.g. polyim
allow tissue in-growth and/or be bioresorbable. In some ide) and extends around the lead body 701. The fanned end
coiled retention lead embodiments, the lead body along with 60 includes a plurality of projections 732 which are capable of
the coiled retention feature is generally cylindrical and con fanning or extending radially outwardly from the lead body
figured to be advanced through a lumen of a delivery device. 701. In some embodiments, the sleeve 730 is slit or sliced to
In some embodiments, only one end of the coiled retention form the projections 732 of the fanned end. The sleeve 730
may be affixed to the lead body 701 or advanceable along the
feature is attached to the lead body.
In the embodiments of FIGS. 4-7, the diameter of the coiled 65 lead body 701 to adjust its position. During delivery, the
retention feature is generally constant along the length of the fanned ends are covered by a sheath, delivery catheter or other
coiled retention feature. As best seen in FIGS. 6 and 7, the
suitable device. The lead 700 is advanced to a desired position
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and the sheath is withdrawn allowing the projections 732 to shape and dimension, including a flat strip or elongate shaft.
extend radially outwardly. FIG. 11A illustrates a sleeve 730 The tips of the projections 760 may be blunt or sharpened, or
having one fanned end to resist movement in one direction. have other shapes, such as barbed or fish-hooked. The pro
FIG. 11B illustrates a sleeve 730 having two fanned ends, jections 760 may extend at any angle or a plurality of angles
each facing opposite directions so as to resist movement in 5 from the lead body 701 So as to resist movement in a variety
both directions. FIG.11C illustrates a plurality of sleeves 730,
of directions.
each having a single fanned end, so as to anchor the lead body

FIGS. 15A-15B illustrate another embodiment of a reten

701 at various locations. It may be appreciated that a variety tion feature 706 mounted on a lead body 701. In this embodi
of combinations may be used.
ment, the retention feature 706 comprises a plurality of pro
FIG. 12 illustrates another embodiment of a retention fea- 10 jections 762 extending along the lead body 701. The
ture 706 of the present invention. In this embodiment, the projections 762 each have a pointed or triangular shape, how
retention feature 706 comprises a sleeve 736 having at least ever it may be appreciated that the projections 762 may have
one protrudable end. The sleeve 736 may be comprised of a any suitable shape. The projections 762 may be formed from
metal (e.g. nitinol) or polymer (e.g. polyimide) and extends a flexible material, such as ePTFE or polyurethane, or a more
around the lead body 701. The protrudable end includes at 15 rigid material, such as nylon. The projections 762 are aligned
least one projection 738 which is capable of extending radi- in rows, each row circumscribing the lead body 701. The rows
ally outwardly from the lead body 701. In some embodi- are spaced apart along a portion of the lead body 701 so as to
ments, the sleeve 736 is cut to form the projections 738. The create a larger retaining Surface. During delivery, the projec
sleeve 736 may be affixed to the lead body 701 or advanceable tions 762 may be covered by a sheath, delivery catheter or
along the lead body 701 to adjust its position. During delivery, 20 other suitable device. The lead 700 is advanced to a desired
the protrudable ends are covered by a sheath, delivery cath- position and the sheath is withdrawn allowing the projections
eter or other suitable device. The lead 700 is advanced to a

762 to be revealed. The projections 762 provide resistance to

desired position and the sheath is withdrawn allowing the movement of the lead body 701 in relation to the surrounding
projections 738 to extend radially outwardly. FIG. 12 illus- tissue. When the projections 762 are formed from flexible
trates a sleeve 736 having two protrudable ends, each facing 25 material, the projections 762 provide drag. When the projec
opposite directions so as to resist movement in both direc- tions 762 are formed from a more rigid material, the projec
tions.
tions 762 may penetrate into Surrounding tissue to anchor the
FIG. 13 illustrates another embodiment of a retention fea-

leady body 701 during relative motion. FIG. 15A illustrates

ture 706 of the present invention. In this embodiment, the projections 762 facing two directions so as to resist move
retention feature 706 comprises a sleeve 740 having at least 30 ment in two directions.
one floppy end. In this embodiment, the sleeve 740 is com-

FIGS. 16A-16C illustrate a similar embodiment of a reten

prised of a flexible polymer, such as ePTFE. The sleeve 740 is tion feature 706. Here, rather than a coil shape, the retention
cut or sliced to form elongate strips 742. The sleeve 740 may feature 706 forms a loop 772 which extends outwardly from
be affixed to the lead body 701 or advanceable along the lead the lead body 701. The loop 772 provides resistance to move
body 701 to adjust its position. During delivery, the floppy 35 ment of the lead body 701 in relation to the surrounding
ends may be covered by a sheath, delivery catheter or other tissue, such as by providing friction. The loop 772 may have
Suitable device to reduce drag by the floppy end during a circular, oval, oblong, irregular, pointed, curved, square,
advancement. The lead 700 is advanced to a desired position rectangular or other shape.
and the sheath is withdrawn allowing the strips 742 to be

FIGS. 17A-17B illustrate an embodiment of a retention

revealed. The floppy ends provide resistance to movement of
the lead body 701 in relation to the surrounding tissue. FIG.
12 illustrates two sleeves 740, each having one floppy end
facing the same direction so as to resist movement in one
direction.
FIG. 14 illustrates an additional embodiment of a retention
feature 706 of the present invention. In this embodiment, the
retention feature 706 comprises one or more spring loaded
projections 760 which are extendable radially outwardly
from the lead body 701 as shown. The projections 760 may be
cut from the lead body 701, molded in or to the lead body 701
or attached via a secondary process. Optionally, the projections 760 may reside within pockets, indents or windows so as
to minimize the profile of the lead body 701. The projections
760 may be comprised of the same or different material as the
lead body 701. Example projection 760 material includes
nitinol, or other metal, or preformed polymer. The projections
760 have a pre-set curved shape, such as a semi-circular
shape, so as to curve radially outwardly from the lead body
701. Such curvature may be set by, for example, heating or
tempering. Prior to deployment, the pre-formed projections
760 may be held along the lead body 701 by an external sheath
or delivery device. Retraction of the sheath or delivery device
exposes the pre-formed projections 760 allowing the projections 760 to recoil radially outwardly. Thus, the projections
760 extend into the surrounding tissue, resisting movement of
the lead body 701 in relation to the tissue thereby anchoring
the lead 700. The projections 760 may have any suitable size,

40 feature 706 comprising a tubular structure 780 having a first
end 782, a second end 784 and longitudinal slits 786 therebe
tween along its length forming struts 788a, 788b, 788c (addi
tional struts may be present though not illustrated). The tubu
lar structure 780 is positionable over the lead body 701 and
45 can be optionally advanced along the lead body 701 for
desired placement. FIG. 17A illustrates the retention feature
706 in an arrangement suitable for such delivery. Once the
lead body 701 is desirably placed, the retention feature 706 is
actuated. Such actuation involves pushing the ends 782, 784
50 towards each other so that the structure 780 buckles and the
struts 788a, 788b, 788c protrude radially outwardly, as illus
trated in FIG. 17B. The projecting struts provide resistance to
movement of the lead body 701 in relation to the surrounding
tissue, thereby anchoring the lead body 701 in place. To
55 reposition the lead body 701 and/or the retention feature 706,
the ends 784, 786 may be drawn apart to retract the struts and
then later pushed together again for anchoring. In addition,
the slits 786 may allow tissue ingrowth over time to further
anchor the lead body 701.
60 FIGS. 18A-18E3 illustrate an embodiment of a retention
feature 706 comprising a tubular structure 790 having at least
one extendable flap 792. The tubular structure 790 is posi
tionable over the lead body 701 and can be optionally
advanced along the lead body 701 for desired placement. FIG.
65 18A illustrates the retention feature 706 in an arrangement
suitable for such delivery. During delivery, the retention fea
ture 706 is covered by a sheath, delivery catheter or other
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suitable device. The lead 700 is advanced to a desired position
and the sheath is withdrawn allowing the extendable flaps 792
to extend radially outwardly. The extendable flap 792 may be
comprised of a pre-shaped polymer or shape-memory metal,
to name a few. The projecting flaps 792 provide resistance to
movement of the lead body 701 in relation to the surrounding
tissue, thereby anchoring the lead body 701 in place.
FIG. 19 illustrates an embodiment of a retention feature
706 Similar to the retention feature 706 illustrated in FIGS.

18A-18E3. In this embodiment, the tubular structure is split
into two half-tubes or arc-shaped sheaths 790a, 790b which
are positionable over the lead body 701. This is particularly
suitable for flat or oval shaped leads wherein the arc-shaped
sheaths 790a, 790b would have a greater ability to clamp on.
The arc-shaped sheaths 790a, 790b may be independently
advanced or retracted. Likewise, a single arch-shaped sheath
may be used. It may be appreciated that the extendable flaps
792 may also include reinforcing material 793, as illustrated
in FIG. 20. Such reinforcing material 793 may provide addi
tional strength for anchoring purposes. Or, the reinforcing
material 793 may provide the shape-memory feature wherein
the remainder of the tubular structure 790 and flap 792 are
comprised of a non-shape memory material.

10

15

amount of relative motion between the distal lead and the

targeted neural tissue, thus helping to reduce any migration of
the lead or possible change in efficacy of the therapy. The
injectable nature of the medium allows any desired quantity
of medium to be injected, including large quantities, without
increasing the size of the lead. This maintains ease of lead
implantation regardless of the size of the anatomical Void to

In some embodiments, the retention feature 706 is built

into the lead body 701 itself. For example, FIGS. 21A-21B
illustrate an embodiment of a lead 700 having lead body 701
of which a portion is shaped to provide retention or anchor
ing. As shown, the retention portion of the lead body 701 has
a coil shape 703. The coil shape 703 assists in anchoring the
lead body 701 to the surrounding tissue. FIG.21B illustrates
the lead 700 having an electrode 704 positioned so that the
electrode 704 is implanted within the DRG. In this example,
the coil shape 703 crosses the epinurium E of the DRG,
holding the lead 700 in place. In addition, the coil shape 703
may provide strain relief for the lead 700. FIGS. 22A-22B
illustrate a similar embodiment. Here, the coil shape 703 is
disposed within tissue outside of the DRG while the electrode
704 is implanted within the DRG. It may be appreciated that
the coil shape 703 may alternatively be disposed within the
DRG for anchoring or retention.
Conventional fixation means generally require some Solid

25
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or semi Solid tissue in which to embed. In contrast, some

implantation sites—such as the space Surrounding the
DRG may be semi-fluid or lack solid tissue to provide a
secure fixation field. Moreover, the space Surrounding the
DRG is quite variable and unpredictable, making many con
ventional fixation means unreliable and challenging. The

45

The medium 2400 can be introduced in a number of ways.
For example:
(a) through an introducing needle before the lead is
inserted, as long as the medium 2400 is designed to allow
proper placement of the lead;
(b) through a central lumen in the lead and/or through a port
2405 (FIG. 24B);
(c) through an introducing needle 2410 after the lead has
been placed (FIG. 24A).
The medium 2400 may be comprised of various types of
biocompatible compounds Such as PLGA, microspheres,
hydrogel and the like. The medium 2400 can be biodegrad
able or not, depending on clinical requirements. In addition,
the medium 2400 can contain radiopaque compounds to help
visualize its extent under fluoroscopy. Also, the medium 2400
can contain an anti-inflammatory compound Such as Dexam
ethasone, or other therapeutic agent, which can be encapsu
anti-inflammatory agent could reduce Scarring and help
maintain low impedance between electrodes and nearby
nerve tissue, thereby reducing energy consumption of the
stimulation system.
This lead retention technique has numerous advantages
over conventional fixation techniques and devices. The

50

amount of medium 2400 and the location of the insertion can

55

be varied to accommodate varying anatomy in the vicinity of
a targeted neural side or neural tissue. The medium can be
biodegradable so that the Subsequent scarring around the
electrodes can fix the lead in place. In addition, if the lead
needs be removed, the medium can remain behind and simply

60

forming to Surrounding tissue so that potential damage to
nearby tissues is reduced. Also, discomfort and potential tis
Sue damage due to flexation of the patient is reduced. In
addition, the lead can be easily removed without tissue dam

situations.
FIGS. 23A-23B illustrate another embodiment of a reten

tion feature 706 of the present invention. In this embodiment,
the retention feature 706 assists in holding the lead 700,
particularly one or more electrodes 704, against a desired
portion of the anatomy, such as the dorsal root ganglion DRG.
FIG. 23A illustrates the lead 700 having an expandable mate
rial 796 mounted on a portion of the lead body 701, particu
larly along a portion of the lead body 701 opposite or near to
the one or more electrodes 704. The expandable material 796
may be comprised of a sponge, SuperPorous HydroGel or
other swellable or expandable material. It may also be appre
ciated that an expandable mechanism, Such as a balloon, may
alternatively be used. FIG. 23B illustrates the lead 700 posi
tioned within the spinal anatomy so that the one or more
electrodes 704 are desirably positioned near the target
anatomy (in this example, the DRG). The expandable mate

be filled.

lated for time release if desired. As discussed elsewhere, the

retention feature embodiments of FIGS. 23A, 23B, 24A and

24B are designed to overcome these challenges and provides
Suitable lead retention capabilities in a variety of anatomical

14
rial 796 is then expanded, thereby wedging the lead body 700
between the DRG and the surrounding tissue or muscle. The
supportive force of the tissue holds the one or more electrodes
704 against the DRG which assists in retention of the lead 700
in the desired position.
In other embodiments, a medium is injected near the target
anatomy rather mounted on a portion of the lead body. FIGS.
24A and 24B illustrate perspective views of a lead held in
position using an injectable medium. In these examples, an
injectable gel or other injectable medium 2400 is introduced
into the Volume Surrounding the lead body, lead tip, elec
trodes and/or targeted neural tissue. The injectable medium
may optionally be an expandable medium wherein it expands
upon delivery. The injectable gel or other injectable medium
2400 is injected such that, immediately or when expanded, it
completely or partially fills the space around the lead and
targeted neural tissue. The medium 2400 will reduce the

dissolve or be absorbed. The medium 2400 is soft and con

age.
The medium 2400 can contain time released or immedi

65

ately active anti-inflammatory agents or other therapeutic
agents. The medium 2400 can contain a radiopaque Substance
for visualization. The medium 2400 may also be introduced
in sufficient volume that the medium encapsulates both the
electrodes and the targeted neural tissue. In the DRG
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example, Sufficient medium would be introduced to encapsu
late the one or more electrodes in the area around the DRG

and all or a portion of the DRG or dorsal root. Optionally, the
properties of the medium 2400 may be chosen to enhance or
mitigate transmission of stimulation energy from the one or

5

more electrodes.

The various embodiments described in FIGS. 23A, 23B,

24A, and 24B describe a system including a lead having a lead
body and at least one electrode; and a retention feature dis
posed along the lead body proximal to the at least one elec
trode and configured to assistinatraumatically anchoring the
lead to nearby tissue when the lead is positioned in the body.
In one aspect, the retention feature comprises a medium. In
another aspect, the retention feature in the form of a medium
is injected into a Volume near or including a portion of the
electrode or the targeted neural tissue. In still another varia
tion, there is a port in the electrode body adapted and config
ured for injecting the medium.

10

The embodiment illustrated in FIG. 25 shows the control
15

In other embodiments, the stimulation lead 700 includes a

able section 2520. The stimulation lead 700 includes a lead
25

30

35
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over conventional stimulation leads. This innovative lead

design employs a controllably deformable section geometry
to post-operatively retain the lead in a desired location and or
allow a user to steer or manipulate the lead during a lead
placement process. The actuation cable 2505 may be manipu
lated directly by the user or by an actuation mechanism to
provide the desired deformation and/or steering function. A

45

Suitable actuation mechanism would include a handle and

would attach the actuation cable 2505 to a suitable lever,

Switch, or grip that, when operated, produces the appropriate
movement of the actuation cable 2505 to produce the desired
steering and/or deformation of the deformable section 2520.
Conventional lead placement typically involves Surgically
invasive implantation procedures, lead movement techniques
that cannot be localized to the lead tip or to selected portions
of the lead relative to the electrode(s), are often limited to only
a single actuation or become difficult to remove once
implanted. Embodiments of stimulation lead 700 do not have
these limitations. Advantageously, leads having a controlla
bly deformable section 2520 allow easy, non-invasive, revers
ible, repeatable actuation of the controllably deformable sec
tion 2520. Additionally, the placement of the deformable
section 2520 along the lead body 701 and/or relative to an
electrode 704 may be selected so that the lead placement
conforms to the anatomy at a targeted Stimulation site or
tissue location. Another advantage is that the design of the

lably deformable section 2520 in a deformed condition to
promote lead retention. In the illustrated deformed condition,
the Section 2520 forms a number of coils 2530. Various other

controllably deformable section which may act as a retention
feature. FIG. 25 illustrates a perspective view of an embodi
ment of a stimulation lead 700 having a controllably deform
body 701 and the number of electrodes 704. An actuation
cable 2505 extends through the lead body 701 and the con
trollably deformable section 2520 and is attached to tip 2510.
Manipulation of the actuation cable 2505 causes deformation
of the controllably deformable section 2520. The controlled
deformation of section 2520 may produce predictable, tem
porary curved movements of the section 2520 that are used for
steering. A shape conductive to steering may include, for
example, a simple curve of the controllably deformable sec
tion 2520 near tip 2510. These movements allow a user to
steer the lead tip 2510 during a lead implant procedure
through manipulation of the actuation cable 2505. Once the
lead is in a desired position for implantation, the actuation
cable 2505 is manipulated again in order to deform the
deformable section 2520 into a shape adapted and configured
for retaining the position of the lead.
Embodiments of stimulation lead 700 having a controlla
bly deformable section 2520 have a number of advantages

16
controllably deformable section 2520 does not add to the
overall lead body diameter and does not therefore require a
larger gauge introducing needle. Because the design provides
for steering of the lead, the number and overall diameter of
components needed to position and retain the lead is reduced.
As a result of the design of and cooperation between the
controllably deformable section 2520 and the actuation cable
2505, it is believed that the embodiments of the lead having a
controllably conformable section 2520 may be steered and
implanted without the use of a steerable stylet, guide catheter,
guide wire, or other conventional steering or implant aid used
by conventional stimulation leads.
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geometries of the controllably deformable section 2520 may
also be effective in lead retention, Such as, for example, curl
ing the controllably deformable section 2520 in one or more
planes, or any other deformation that increases the overall
aspect ratio of the controllably deformable section 2520 in
order to inhibit the lead 700 from moving out of position.
Accordingly, the controllably deformable section 2520 may
assume any of a number of two-dimensional, three-dimen
sional or complex shapes in order to promote lead retention.
Alternatively, the controllably deformable section 2520 may,
when deformed for lead retention purposes, assume the shape
of any lead retention feature described herein.
The actuation cable 2505 extends through the lead body
701, such as through an internal lumen, and is a fixed to the
distal end of the lead 700, such as at tip 2510. Actuation of the
controllably deformable section 2520 for steering or lead
retention is accomplished, for example, when a user holds the
proximal end of the lead body 701 stationary while the actua
tion cable 2505 is moved axially. As such, actuation can occur
either by pulling the end of the actuation cable or, alterna
tively, by releasing it, depending upon the design of the actua
tor. It is to be appreciated that actuation of the actuation cable
2505 and the movement of the controllably deformable sec
tion 2520 may be performed multiple times, may be revers
ibly performed, alternate between steering and retention or
any other Such combination of movements as desired by the
user until the actuation cable 2505 is secured in a final posi
tion. Moreover, manipulation of the actuation cable 2505 and
controlled deformation of the controllably deformable sec
tion 2520 may also be used to free the lead 700 from the
implant site should the lead 700 ever need to be removed.
In some embodiments, the proximal portion of the lead
body 701 is stiffened to enhance the operation of the actuation
cable 2505. When present, this stiffer lead body portion may
also allow torque transmission from proximal to distal por
tions of the lead that would enhance the steering capabilities
of the distal tip 2510. The distal portion of the lead will be
adequately flexible Such that manipulation of the actuation
cable 2505 produces the desired steering and/or deformation.
The actuation cable 2505 may perform several functions.
The actuation cable 2505 may provide axial strength to the
lead body 701, as an electrical lead to provide stimulation
energy to the electrodes at 704 or as a steering device as
described above. While a single controllably deformable sec
tion 2520 and a single actuation cable 2505 are illustrated in
FIG. 25, this aspect of the present invention is not so limited.
In some embodiments, more than one actuation cable 2505 or

65

controllably deformable section 2520 may be used. The con
trollably deformable section 2520 may form retention shapes
other than the coils 2530 illustrated. The controllably deform
able section 2520 may be positioned at other locations other

US 9,044,592 B2
17
than distal to the electrodes 704, such as proximal to the
electrodes. One or more controllably deformable sections
2520 may be positioned distal to the electrodes 704, proximal
to the electrodes 704, partially or completely overlapping one
or more electrodes 704 or positioned in any combination

18
stylet 90 into the proximal end of the lead into a lead lumen
2610 and advanced to the distal end as shown in FIG. 26A.
5

thereof.
The materials used in the formation of the lead 700 illus

trated in FIG.25 are selected to be biocompatible and suitable
for long-term implantation in the body. The lead body 701
may be formed from polymers of various materials, durom
eters, profiles, and construction, such as Tecoflex, Pellathane
and other polymer family members and/or composite poly
mer structures such as an overmolded polyamide. The con
trollable distal section 2520 can include radio opaque mark
ers or materials to indicate under fluoroscopy actuation or
position of the tip 2510 or a portion (such as an end of or
middle) of the deformable section 2520. The tip 2510 may
also contain radiopaque materials. The tip 2520 and the
deformable section 2520 may include materials such as
cobalt-chrome, platinum alloys, stain steel, titanium, nitinol
and combinations thereof. Alternatively, the tip 2510 is
formed from any of the polymers described herein or within
the knowledge of those of ordinary skill in the art. The actua
tion cable 2505 may be a single strand or a multiple strand
structure or a braided structure having strands or braids
formed from a metal, a metallic composite, a polymer, a
polymer composite or any combination of the above.

action frees the retention feature 2603 so that it deforms or
10

15
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30

30. In this embodiment, the lead 700 includes a lead body 701
attached to a lead tip 2700 and a lead retention feature 2703
stowed within the lead tip 2700. In contrast to the lead reten
35

40

FIG. 26A illustrates a section view of the lead 700 with the

stylet 90 inserted into the lumen 2610. In this configuration,
the stylet 90 maintains the controllably deformable tip 2600
in a straight or unbend configuration as illustrated in FIG.
26A for delivery. This configuration simplifies placement and
manipulation of the lead 700 during an implantation proce

45

dure.

FIG. 26B illustrates a section view of the lead 700 resulting
from proximal retraction of the stylet 90. With the counter
balancing force provided by the stylet 90 removed from the
controllably deformable section 2600, the lead retention fea
ture 2603 moves into its deformed configuration and pro
duces a corresponding deformation of the controllably
deformable section 2600. The resulting shape of the control
lably deformable section 2600 is any shape suited to aid in
retaining the lead 700 in position or to prevent or minimize
migration of the lead 700. For example, the resulting shape of
the controllably deformable section 2600 may be any of the
lead retention shape described herein.
FIG.26C illustrates a perspective view of the lead 700 with
the stylet 90 removed. Thus, the controllably deformable

50

55

60

section 2600 is shown in a deformed or lead retention con

figuration.
An exemplary implantation procedure for the lead 700 will
be described with reference to FIGS. 26A-26C. To percuta
neously insert the lead 700 through an introducing needle, the
lead 700 is first straightened by introducing a relatively stiff

Several advantages of this embodiment will be described.
The embodiments illustrated in FIGS. 26A-26C provide a
simple, noninvasive, reversible, repeatable actuation of the
distal lead tip simply by withdrawing the stylet 90. Actuation
of the controllably deformable section 2600 occurs automati
cally when removing the stylet 90 thereby adding no further
complications to the Surgical procedure. The shape of the
controllably deformable section 2600, when deformed may
conform to the anatomy, which has the advantage of reducing
potential irritation or damage to the nearby tissue. The con
trollably deformable section 2600 design does not add to the
overall lead diameter, and does not require a larger introduc
ing needle gauge. If Nitinol or other metal is used to form the
retaining element 2603 it may be possible to image the ele
ment 2603 under fluoroscopy to help ensure proper deploy
ment and lead position.
Another embodiment of a lead 700 having a lead retention
feature is illustrated in FIGS. 27 A-27B, 28A-28B, 29 A-29B,

is embedded into or affixed to the lumen wall. The lumen

2610 is sized to receive a stylet 90.

reshapes the controllably deformable section 2600. The shape
of the controllably deformable section 2600 is then used to
hold the lead 700 in place. Actuation of the retention feature
2603 can be performed multiple times and reversed, as
desired.

FIGS. 26A-26C illustrate various views of an embodiment

of a lead 700 having a lead retention feature 2603 embedded
into a controllably deformable section 2600. When retaining
the position of the lead, the lead retention feature 2603 has a
deformed, non-straight configuration as shown in FIG. 26B.
As used herein, the deformed configuration of the lead reten
tion feature 2603 includes any hook, loop, curve, band, coil,
two-dimensional shape, three-dimensional shape or any
retention feature shape described herein. Typically, a lumen
2610 extends through and within the lead body 701. The
retention feature 2603 extends alongside the lumen 2610 and

The stylet 90 forces the lead 700 and retention element 2603
to straighten as shown in FIG. 26A. The stylet 90 remains in
place in the lead 700 until the lead 700 is deemed to be in the
desired therapeutic location. Next, as shown in FIG. 26B, the
stylet 90 can be removed by withdrawing it proximally. This

tion feature 2603 described above, the lead retention feature

2703 of this embodiment is movable relative to the lead tip
2700. The position of a stimulation lead after implantation is
achieved via the intra-operative actuation of the lead retention
feature 2703 stowed within the lead tip 2700. When deployed
from the lead tip 2700, the retention feature 2703 increases
the geometric aspect ratio of the lead and may inhibit undes
ired post operative migration of the lead and the stimulation
electrodes. While illustrated as a single retention feature 2703
exiting generally from the distal end of the lead and along the
longitudinal axis of the lead body, it is to be appreciated that
multiple retention features may be employed and that a reten
tion feature may be stowed within and exit from portions of
the lead other than the distal most portion of the tip and at
angles, positions or orientations that are not aligned with the
longitudinal axis of the lead body or at an angle relative to the
longitudinal axis of the lead body.
In one embodiment, the retention feature 2703 is a long
thin spring located in the relatively stiff lead tip 2700 posi
tioned at the distal end of the flexible lead body tubing. This
thin spring retention feature, when not otherwise constrained,
has a non-straight geometry, Such as, for example, a loop, a
hook, one or a plurality of coils, or any two-dimensional
shape, three-dimensional shape, complex shape or, alterna
tively the shape of any lead retention feature described herein.
The various details of the illustrated lead 700 will be
described with reference to the various views shown in FIGS.

27A-29B. The lead tip 2700 has a distal end 2705 and a
proximal end 2710. A proximal lumen 2722 extends from the
proximal end 2710 to an inner ridge 2725 (FIG.27B). As will
65

be further described below and is shown in FIG. 27A, the

proximal lumen 2722 is sized to receive either a stylet 90 or a
pusher wire 95. The inner ridge 2725 is sized to prevent the
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passage of the stylet 90 into the distal lumen 2720. The distal
lumen 2720 is coextensive with the proximal lumen 2722,
extends from the inner ridge 2725 to the distal end 2705 and
is sized to only receive a pusher wire 95 (i.e., distal lumen
2720 has a diameter smaller than the diameter of a stylet 90).
FIG. 30 illustrates a perspective view of a stimulation lead
700 having a lead tip 2700 as illustrated in the various section
and enlarged views of FIGS. 27 A-29B. FIG. 30 shows the
stimulation leads 700 with the lead body 701 and electrodes
704 in place and with the retention feature 2703 extending
beyond the lead tip distal end 2705. The lead body 701 joins
the lead tip 2700 along the proximal end 2710. Appropriate
sizing is found between the inner diameter of the lead body
701 interior and the outer diameter of the lead tip between the
proximal end 2710 and an outer ridge 2715. Typically, the
lead body 701 and the lead tip 2700 are joined using the area
between the outer ridge 2715 and the lead tip the proximal end

20
2703 does not extend completely beyond the distal end of the
lead or completely exit the lead tip lumen 2720. If desired, the
design can include features that allow multiple actuation so
the retention element 2703.
The various embodiments illustrated and described in

10

deformable section. In some other variations, the retention
15

the lead to distal end 2705. In the illustrated embodiment of

other variations, the retention feature is held into a non-bend
FIGS. 31A-31D illustrate another embodiment of a lead

having a lead retention feature. In this embodiment, the lead
retention feature comprises a braided retention section 3100.
The braided retention section 3100 is designed with pre
defined buckling regions that when actuated will to form into
25

30
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FIG. 29B the push wire 95 is used to advance the retention
feature 2703 distantly within the lead 2700 until the shaped
proximal end 2706 engages with the walls of the distal lumen

Such that certain areas will buckle. For instance, the non
40
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tion feature 2703 will now be described with reference to

FIGS. 27 A-29B. The lead 700 is percutaneously introduced
typically with a stylet 90 as shown in place within the lead tip
2700 (FIGS. 27A and 27B). The lead tip 2700 is formed such
that the introducing stylet 90 does not push on the retention

50

correct and final therapeutic location, the stylet 90 is
removed. FIGS. 28A and 28B show a pusher wire 95 inserted
into the lead 700 and advanced until it contacts and pushes on

ture is illustrated in FIG. 31A. FIG.31A is a section view of

tions of the braided structure 3105. As a result, unreinforced
55

pusher wire 95 advanced until the retention element 2703 is
fully extended. Typically, the retention feature proximal end
2706 will be locked in place within the distal lumen 2720 as
shown in FIG.29B. FIGS. 29A, 29B and 30 shows the reten

tion feature 2703 assuming a curve or other deformed shape.
The deformed shape of the retention feature 2703 serves at
least two purposes. One purpose is to lock the retention ele
ment 2703 in place with respect to the lead and the lead tip.
Another purpose is to hold the position of the lead distal end
2705 in place within the body near the stimulation site. In the
illustrated embodiment, the proximal end 2706 and the lead
tip lumen 2720 are formed such that the retention element

buckling areas of the braid can be overlaid with a film or other
strengthening agent. FIG. 31C illustrates reinforcing tubes
3115A-D performing such a function. Another means to cre
ate an area of buckling is to weaken the buckling areas by
heating, truncating the fibers, or otherwise manipulating the
braid so that a buckling mode is preferred in that area. Alter
natively, the braid section may beformed by reinforcing areas
of the braided structure so that buckling occurs in the non
reinforced regions of the braided structure.
One exemplary embodiment of this form of braided struc
a braided structure 3105 placed over a lead body 701. Tubing
reinforcements 3115A-D are placed along and reinforce por

element 2703. When the lead 700 is deemed to be in the

the retention element 2703. FIGS. 29A and 29B show the

section 3100 is configurable from a straight configuration
(FIG.31A) to a buckled configuration as shown in FIGS.31B,
31C and 31D. The braided retention section 3100 may be
attached to the lead body 701 proximal to, distal to, partially
overlapping or completely overlapping the portion of lead
containing electrode 704.
The buckling regions on the braid can be created in a
number of ways. For instance, the braid itself can be modified
in areas that will buckle. The physical characteristics of the
braid in these areas, such as, the braid fiber angle, density,
number and/or diameter, are modified such that the modified

end 2706.

The insertion of the lead 700 having a tip 2700 and reten

braided retention features. As a result, the braided retention

area will preferentially buckle. Alternatively, the braid can
remain unmodified but undergo treatment or conditioning

2720. The walls of the distal lumen 2720 and the exterior

shape or surfaces of the retention feature proximal end 2706
have complementary shapes, features, protrusions, recesses
or any other Suitable mating Surfaces to allow engagement
between the walls of the distal lumen 2720 and the proximal

feature is movable into a first configuration for Steering the
lead and a second configuration to act as a retention feature. In
some specific variations, the retention feature is reversibly
movable into the first and the second configurations. In still
configuration by a stylet and the retention feature moves into
a retention configuration when the stylet is removed.

2710.

For clarity, the lead body 701 is not illustrated attached to
the lead tip 2700. The stylet 90 and the push wire 95 would
pass through the lead body 701 before reaching the lead tip
2700. With the lead body 701 removed, the interactions
between the stylet 90, the push wire 95, the retention feature
2703 and the lead tip 2700 are more readily appreciated.
FIGS. 28A-29B illustrate the cooperation between the
retention element 2703 and the lead tip 2700. FIGS. 28A and
28B illustrate section views of the tip 2700 interior where the
push wire 95 has advanced through the proximal lumen 2722,
beyond the inner ridge 2725 and into contact with the lead
retention feature proximal end 2706. (see FIG. 28B). FIG.
28A shows advancement of the push wire 95 to urge the
retention feature 2703 beyond the distal end 2705. FIGS. 29A
and 29B illustrate the continued advancement of the push
wire 95 to further advance the retention feature 2703 beyond

FIGS. 25-30 provide a system including a lead having a lead
body and at least one electrode; and a retention feature dis
posed along the lead body proximal to the at least one elec
trode and configured to assistinatraumatically anchoring the
lead to nearby tissue when the lead is positioned in the body.
In some variations, the system includes a controllably
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braided portions 3100A-D remain. When actuated, the dis
tance between the tubing reinforcements 3115A-D decreases
producing buckling or deformation of the unreinforced
braided portions 3100A-D as shown in FIGS. 31B and 31C.
The braided retention section 3100 may be attached to or
formed as part of the lead body 701 or, alternatively the
braided retention section 3100 may be provided along the
lead body 701 after the lead body has been implanted.
An exemplary implementation procedure may include the
placement of the lead using a stylet and introducer needle.
Once the lead is in place, the needle is removed and the stylet
remains in place within the lead body. The braided fixation
section 3100 is attached to a deployment tool or device used
to slide the section 3100 along the lead body 701. The section
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3100 diameter is selected to be slightly larger than the outer
diameter of the lead body 701. The devices used to clamp,
crimp or otherwise secure the section distal end 3101 to a
desired position on the lead body 701. The position may be
distal, proximal, partially overlapping or completely overlap
ping one or more of the electrodes 704 on the lead body 701.
Next, the device is used to axially compress the section 3100
to produce a buckling or deformation (see FIGS. 31B, 31C
and 31D). Thereafter, the device is used to clamp, crimp or
otherwise secure the proximal end 3102 to the lead body 701.
The buckled or deformed sections 3100A-3100C protrude
from the lead body, and engage with Surrounding tissue or
structures in order to prevent or minimize migration of the

22
or fewer buckling sections may be used, that buckling sec
tions may be of different relative sizes and different shapes.
The various embodiments illustrated and described in

10

The retention features, elements, devices and sections and

lead 700.

In an alternative implementation and deployment scenario,
the deployment tool is not used because the braided section
3100 is already attached to the lead body 701. The lead is
positioned for applying stimulation. Next, an actuation rod or
wire is attached to (or, alternatively, may already be attached
to) the braided section 3100. Movement of the rod or wire
produces the buckling/deformation shown in FIGS. 31B, 31C

15

and 31D. Once buckled, the braided section 3100 is secured to
conventional lead fixation. The braided retention section

25

allows a simple, noninvasive, reversible, repeatable actuation
of lead fixation when the lead is delivered to a targeted narrow
side. The braided retention device does not require sutures or
Surgical procedures to maintain its position and it can be
inserted or removed percutaneously with minimal impact to
the patient. The braided retention device conforms to the
anatomy, which has the advantage of reducing potential irri
tation and damaged to the nearby tissue. The braided structure
contains no sharp features to injure the vasculature or adja
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cent nerves.
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micro or macro properties, features or characteristics to pro
mote tissue in-growth. Tissue in-growth can also be promoted
by coating a retention element, component, feature, section or
portion of the lead with a material having tissue in-growth
promoting properties. Exemplary materials that may be used
for fabrication and/or coating of the tissue retention features
described herein include porous materials with pore sizes of
the material selected to provide tissue in growth sites. Other
examples of Such porous materials include the so-called tra
becular metal technology and fiber metal. These materials are
used in the orthopedic arts to promote bony in growth into
bone implants. A variety of orthopedic implants with Such in
growth materials are available commercially from orthopedic
companies such as Zimmer Inc and are further described at
www.Zimmer.com. The tissue in-growth material is a modi
fied fiber metal and/or trabecular metal with a growth surface
having pores sized to promote tissue in growth rather than
bony in-growth. The pore size and other characteristics of the
in-growth material will be adjusted depending upon various
factors such as the desired implantation site and available
tissue types.
The tissue in-growth materials may be used to form or coat
the retention features described herein. As a result, the char
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markers to make the braided retention structure visible under

fluoroscopy. The device components can be made out of
metal Such as initinol, stainless steel and the like and may
include the combination of a metal and a polymer. The
deformed geometry of the braided retention structure may be
offered in several different options, such as outer diameter

at least portions of the leads described herein may be modified
to promote tissue in-growth. Tissue in-growth may be pro
moted in a number of ways. The material selected to make or
form the retention feature can be one selected because it has

the lead body using any suitable method.
This embodiment provides a number of advantages over

Variations and alternative configurations of the braided
retention structure are possible. The braid or other compo
nents may beformed from a resorbable polymer material that
may be used if the lead fixation is only required for a limited
time. The polymer can be used for the lead body, the tube or
the braid and may include radiopaque or other strands or

FIGS. 31A-31D provide a system including a lead having a
lead body and at least one electrode; and a retention feature
disposed along the lead body proximal to the at least one
electrode and configured to assistinatraumatically anchoring
the lead to nearby tissue when the lead is positioned in the
body. In some variations, the system includes a controllably
deformable section including a braided section with con
trolled buckling points.

acteristics of the porous material used herein would include
modifications to pore size, density and arrangement made to
encourage the in growth of soft tissue into the porous struc
ture that forms or coats a retention feature.

The material Suited to encourage tissue in growth may be
used to form any of the retention features described herein.
For example, the porous material could be formed into the
shape of a wire with a selected cross section Such as round,
flat, oval, oblong or any other selected cross section shape.
and width of the buckled feature, distance between buckled
features, stiffness of the braid and the like depending upon of Next, the porous material wire is fabricated into a coiled
different considerations. Varying types of braids can be used 50 retention feature as described herein. Alternatively, a porous
to maximize effectiveness of tissue in growth, the material material may be provided as a coating or a layer bonded,
selected for braid formation can promote tissue in growth or joined, affixed or otherwise attached to a retention feature
the braid may be coated with a material selected to promote such as any of the retention features described herein.
tissue in-growth. Varying types of braids and materials can be
It is to be appreciated that the overall dimensions of an
used to reduce or increase the actuating force needed to 55 individual retention feature, the spacing of one or more reten
induce buckling. The device can be fabricated such the tensile tion features along the lead body, the spacing of one or more
force is applied to change its geometry to a cylinder during retention features from another lead component such as, for
insertion, or alternatively a compress the force is required to example, an electrode or the length of the lead body used in
deform it. Actuation can be varied to change the amount of the support of one or more retention features will vary
deformation thereby providing proportional buckling. Pro 60 depending upon a number of factors and considerations. One
portional buckling allows a user to control the buckling consideration for the placement and dimensions of a retention
amount to agree that the user feels is appropriate under the feature is the distance between the targeted neural tissue and
circumstances. More than one braided section can be
the expected retention site. If the distance between the tar
deployed on the lead body, for example, one distal and one geted neural tissue and the expected retention site is Small,
proximal to the stimulation electrodes. The embodiments of 65 then the spacing between an electrode located at the targeted
FIGS. 31A-31D illustrate three similarly sized and shaped neural tissue site and a retention feature intended to engage
buckling sections 3100A-C. It is to be appreciated that more with tissue at the retention site will also be small. In the
45
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illustrated embodiment of FIG. 3A, the targeted neural tissue
includes the DRG but the retention features 706 are spaced
some distance—likely between two and 10 cm from that
location. The spacing may be measured in a direction proxi
mal to or distal to the lead component. The spacing of the
retention features 706 in the illustrated embodiment of FIG.

3A is indicated in a proximal direction from the proximal
most electrode 704. In contrast, the spacing of the retention
features 706 in the illustrated embodiment of FIG. 3B is
indicated in a distal direction from the distal most electrode

10

704. FIGS. 3B, 1B and 2 also illustrate how a distal mounted

retention feature remains proximal to the distal end of the lead
body. Another consideration is the length or span of the reten
tion feature as it relates to the lead body. This consideration
also varies depending upon the specific retention feature
design. Consider the individual whiskers 712 in the retention
feature 706 of FIGS. 1A and 1B. There are a plurality of
individual whiskers 712 that are arrayed along an axial length
of the lead body. Similarly, in FIGS. 4-9C, the retention
feature 806 are formed into coils 812 that extend along a
length of the lead body. While reference has been made to
specific embodiments, it is to be appreciated that the all of the
retention feature in embodiments described herein may be
modified and configured to accommodate the specific physi
ological circumstances and location with which the retention
feature is to secure the lead body relative to the targeted neural
tissue. The size, spacing, span, and other physical character
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In these alternative embodiments, the balloon is inflated to

provide the necessary stiffening or counterbalance force to a
normally deformed element. Deflating the balloon or releas
ing balloon pressure provides a similar result to the removal
of a stylet 90 or pusher wire 95. Adjustments in balloon
pressure or Volume produce similar results to movement of a
stylet 90 or pusher wire 95.
It may be appreciated that any of the retention features 706
may optionally be biodegradable or bioabsorbable.
25

location. As such, the various lead retention embodiments
30
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C.

In one specific embodiment of the coiled retention features
40

45

50
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tion feature.

In one specific example, a Pt/10%Ir wire of diameter
0.007" is flattened to a rounded rectangular shape with
approximate dimensions of 0.003 inchx0.013 inch. The flat
tened wire is coiled using a conventional coiling process.
During the pitch of the coils can be varied during the coiling
process for the reasons set forth above. Upon removal from
the mandrel, the wrapped wire unwinds to an outer diameter
of about 0.037 inch. The coils may be formed into any of a

described herein provide a lead for stimulating a target neural
tissue having an elongate body, at least one electrode disposed
along the elongate body; and a passive retention feature dis
posed along the lead body proximal to the at least one elec
trode and configured to assist in anchoring the elongate body
to tissue near the target neural tissue. In one aspect, the
passive retention feature assists in anchoring by friction. In
another aspect, at least a portion of the Surface of the passive
retention feature is treated to increase the friction between the

shown and described in FIGS. 4-9C, the coil is formed from

a wire. The wire is extruded, flattened or otherwise processed
into a generally rectangular cross sectional shape. The degree
of rounding of the generally rectangular shape can be
adjusted to reduce the likelihood that, when formed into a
coiled retention feature, there is little or no damage to the
Surrounding tissue (i.e., no burrs, rough or sharp edges).
Thereafter, the wire is formed into any of the coiled retention
features described herein and attached to the lead body as
desired. The pitch of the coil winding in any particular
embodiment may be adjusted, for example, to enhance the
ability of tissue growth in and around the coil, to enhance the
ability of the coil to be retained engaged in tissue and other
factors determined by the specific coil design and location for
implantation. The pitch of the coil or coils in a retention
feature may be constant or variable. The pitch of the coil in
one location may be selected based on the type of tissue
expected to be encountered at that location while another coil
on the same lead body may have a different pitch because that
coil is intended to engage with the body at another location,
potentially different tissue than that engaged by the first reten

The various alternative retention feature embodiments

described herein provide passive retention capability to main
tain the position of a lead body within a desired implant

istics of an individual retention feature are selected based on
the above considerations.

In one specific example of an embodiment similar to FIG.
4, the spacing between the distal end of the retention feature
806 and the proximal most electrode 804 is about 5 mm or
within a range from 5 mm to 10 cm. The length of the reten
tion feature 806 (i.e., the length of the plurality of coils 812)
is about 1 cm and can vary within the range of 0.5 cm to 1.5

24
wide variety of lengths depending upon application and the
considerations above. Coillengths may vary from 2 mm to 20
mm depending upon application. Some specific coils of 5 mm
length were tested. Exemplary coil pitches include 24threads
per inch (TPI) that results in a thread spacing of 0.042 inch: 34
TPI that results in a thread spacing of 0.030 inch and 58 TPI
that results in a thread spacing of 0.017 inch.
In some alternative embodiments, all or a portion of a
retaining element, feature or section described herein may
include Nitinol components are elements configured Such
that when the retention element is implanted in the body, the
heat produced by the Surrounding tissue results in the reten
tion feature deforming into a retention shape.
In other additional embodiments, the functions performed
by the stylet 90 or the pusher rod95 are replaced by a balloon.
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Surface of the passive retention feature and Surrounding tissue
when the lead is implanted in a body. Instill other alternatives,
the passive retention feature assists in anchoring by tissue
ingrowth. In some alternatives, the passive retention feature is
disposed along the lead body in a location so as to assist in
anchoring to non-neural tissue while the at least one electrode
stimulates the target neural tissue. In one aspect, the target
neural tissue comprises a dorsal root ganglion. In another
aspect, the passive retention feature comprises a coil and,
alternatively, the coil is disposed substantially coaxially with
the elongate body. In still another variation, the passive reten
tion feature comprises a braided structure configured to
buckle in a pre-defined manner. In another alternative, the
passive retention feature is fixed in relation to axial movement
along the lead body. In still other embodiments, a distal-most
end of the passive retention feature is disposed approximately
5 mm to 2 cm proximally of a proximal-most electrode of the
at least one electrode.

It may be appreciated that the retention features 706 may
optionally be used in combination with Suturing techniques.
Further, it may be appreciated that the retention features 706
may be used to anchor a variety of different types of leads,
including but not limited to cable leads, percutaneous stimu
lation leads, and paddle-style stimulation leads.
Although the foregoing invention has been described in
Some detail by way of illustration and example, for purposes
of clarity of understanding, it will be obvious that various
alternatives, modifications and equivalents may be used and
the above description should not be taken as limiting in Scope
of the invention.
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7. The system of claim 6 wherein a outer diameter of the

What is claimed is:

1. A system comprising:
a lead having a lead body and at least one electrode,
wherein the lead body is configured for advancement
into an epidural space through a needle; and
a coiled retention feature disposed along the lead body
proximal to the at least one electrode,
wherein the coiled retention feature comprises an unex
pandable coil wrapped around a section of the lead body
passable through the needle,

coiled retention feature is about the same as the first diameter.
5

10

feature is bioresorbable.

wherein the coiled retention feature is formed from or

coated with a material configured to promote tissue in
growth, and

wherein the coiled retention feature is configured to assist
in atraumatically anchoring the lead to nearby tissue
within the epidural space by frictional forces when the
lead is positioned in the epidural space.
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2. The system of claim 1 wherein a diameter of the coiled

16. A lead as in claim 15, wherein the coil has coil turns

coiled retention feature.

second diameter that is smaller than the first diameter; and

wherein the coiled retention feature is disposed along the
second portion.

12. A system as in claim 1, wherein the nearby tissue is
disposed within a back of a patient.
13. A system as in claim 1, wherein the nearby tissue is in
the vicinity of a dorsal root ganglion.
14. The system of claim 1 wherein only one end of the
coiled retention feature is attached to the lead body.
15. A lead as in claim 1, wherein the coil is comprised of a
wire.

retention feature is generally constant along a length of the

3. The system of claim 1, wherein at least a portion of the
coiled retention feature is embedded into the lead body.
4. A lead as in claim3, wherein the lead body is indented in
an area where the coil is embedded into the lead body.
5. A lead as in claim 3, wherein embedding comprises
fusing of the coil to the lead body.
6. The system of claim 1, wherein the lead body has a first
portion with a first diameter and a second portion with a

8. The system of claim 6 wherein a outer diameter of the
coiled retention feature is greater than the first diameter.
9. The system of claim 1 wherein the lead is flexible along
the lead body where the coiled retention feature is disposed.
10. The system of claim 1 wherein the coiled retention
feature is comprised of a flat wire having a rectangular cross
sectional shape.
11. The system of claim 1 wherein the coiled retention
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spaced apart about a distance equal to a width of the wire.
17. A lead as in claim 1, wherein the material is comprised
of a porous material having a pore size selected to provide a
tissue in-growth site.
18. A lead as in claim 1, wherein the material is comprised
of a modified trabecular metal and/or a fiber metal having
pores sized to promote tissue in-growth.
19. A lead as in claim 1, wherein the material has a pore
size, density or arrangement to encourage in-growth of soft
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